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(54) Rivet setting tool cycle control 

(57) A rivet setting tool (12) is provided with a cycle 
control whereby a pressure switch (250,252) or pres- 
sure transducer enables the electronic logic controller 
(34) to monitor tool hydraulic pressure. When the pres- 
sure reaches a predetermined threshold and subse- 
quently drops below a second threshold valve the con- 
troller deduces that a rivet has been set and removes 
pressure from the tool (12) so that the tool (12) can be 
immediately reset, thus reducing the tools cycle time. 
Upon determining that a rivet (R) has been set, a man- 



drel collection window is set. The controller (34) moni- 
tors whether a mandrel (M) is returned to the mandrel 
collection system (47) prior to the expiration of the timed 
window, and if not, the controller (34) provides a fault 
signal to the operator. Multiple windows are utilized so 
that more than one mandrel (M) can be in the return tube 
(49) at one time without delaying operation of rivet set- 
ting system (10). The pressure sensors (250,252) can 
also be utilized to confirm that a rivet (R) has been load- 
ed into the rivet setting tool (12) without the use of a rivet 
sensor. 
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Description 

[0001] The present invention relates generally to riv- 
eting machines, and more particularly to a portable riv- 
eting system with an autofeed mechanism for automat- 
ically supplying rivets to an application tool and methods 
for operating the riveting system 
[0002] A blind rivet comprises a tubular rivet body in 
which is mounted a mandrel having a head portion at 
the narrow end of the stem so that when the mandrel is 
pulled back in the rivet, it upsets the rivet. When pulling- 
back of the mandrel is resisted with a predetermined 
force, the mandrel breaks off. A riveter that operates 
with such rivets typically has a housing formed at its front 
end with an aperture through which the rivet mandrel is 
engaged. Within the housing is a chuck that engages 
tightly around the mandrel and an actuating mechanism 
or pulling head which pulls the chuck backwardly, there- 
by upseiting the rivet and breaking off the mandrel. 
[0003] In rivel setting machines, the operator sets a 
rivet held in the nose of the rivet tool by pulling a trigger. 
The remaining spent mandrel is drawn through the tool 
and through a collection tube into a collection box. A 
proximity switch senses the spent mandrel just before it 
enters the collection box. 

[0004] There are a variety of different types of tools, 
both manual and powered, that are usea to set pull-type 
blind fasteners. For industrial production, it is desirable 
to use a power tool that may have an air/hydraulic or 
electrical power assist to pull the mandrel stem This fa- 
cilitates the rivet setting operation. 
[0005] It is known to automate the process of feeding 
rivets to the riveter tool, as for example shown in U.S. 
Patent Nos. 4,754,643 and 4,747,294, commonly as- 
signed. It is also known to automate the mandrel collec- 
tion process as taught, for example, in U.S. Patent No 
4,972,985, also commonly assigned. The most common 
approach to automatic rivet feed and disposal uses hy- 
draulically or pneumatically powered mechanisms for 
guiding blind rivets to the riveting tool and extracting bro- 
ken oft mandrels therefrom. 

[0006] Common shortcomings of prior art apparatus 
for autofeeding of rivets to the riveting tool is the failure 
of such systems to take into account the need for rapid 
adjustment, improved maintenance, serviceability and 
rapid change-over capability. In addition, ways are con- 
stantly being sought which speed up the reload capabil- 
ities as well as speeding up the rivet setting process. 
[0007] In furthering the above and additional objects, 
the present invention provides a rivet setting tool includ- 
ing an automatic rivet delivery device for transferring a 
rivet from a rivet passage to a nose piece of the rivet 
setting tool The rivet delivery device is air driven to ex- 
tend forwardly of the nose of the setting jaws, and ro- 
tates to present a rivet in front of the jaws and then trans- 
fers the rivet into the jaws in known manner The rivet 
delivery device extends through the rear of a hand tool 
so that its angular rotation can be adjusted without dis- 



assembling the tool. The stroke length of the rivet deliv- 
ery device can also be easily adjusted. 
[0008] A further feature of the rivet delivery device is 
the provision of a double-acting piston driven in both di- 
5 rections by positive air pressure to extend and rotate the 
delivery device in front of the nose piece and returning 
the rivet delivery device after rivet transfer. The use of 
a double-acting piston greatly enhances the speed at 
which the rivet delivery device can operate. Further- 
to more, the ability to adjust the stroke length or angular 
rotation of the rivet delivery device without disassem- 
bling the entire tool, greatly increases the ability to rap- 
idly adjust the rivet delivery device in order to change 
over to different sized rivets or to simply make minor ad- 
is justments. 

[0009] The system of the present invention also in- 
cludes a portable housing and a hand tool connected to 
the portable housing. The ponable housing includes 
electronic and pneumatic modules for controlling the 
supply of electric and pneumatic power to a rivel feeding 
device and to the hand tool. In response to the activation 
and release of a trigger switch on the hand tool, blind 
rivets are supplied from a feeder bowl via a track to a 
reciprocating escapement mechanism which transfers 
successive rivets from the track to a tube through which 
they are moved by compressed air to a rivet delivery 
device located on the hand tool. The different compo- 
nents of the portable autofeed riveting system are de- 
signed to be separately detachable from the housing as 
a modular unit so that the independent modular units 
can be easily disassembled from the housing and can 
be replaced by replacement modules so that the rivet 
setting tool experiences as little down time as neces- 
sary. 

[001 0] The portable rivet setting system of the present 
invention is also provided with an escapement mecha- 
nism which includes a nesting block slidably received 
by a housing and including a recessed portion for re- 
ceiving and supporting a fastener therein. The nesting 
block can be easily changed in just a few seconds in 
order to accommodate a different sized rivet. The ability 
to rapidly change the nesting block reduces the amount 
of time required for change over, and thereby increases 
the efficiency of the overall riveting system. 
[0011] The rivet setting tool of the present invention 
is provided with a pulling head which employs air pres- 
sure to return the piston to its full forward position and 
is connected to a remote intensifier via a hydraulic hose. 
The remote intensifier includes an air piston disposed 
in a piston chamber and a hydraulic ram connected to 
the air piston and extending into a hydraulic passage 
connected to the hydraulic hose The air piston has a 
larger cross-sectional area than the hydraulic ram which 
allows the intensifier to generate a large hydraulic pres- 
sure from a relatively small air pressure. A first supply 
of pressurized gas communicates with a first end of the 
piston chamber and a second supply of pressurized gas 
communicates with a second end of the piston chamber. 
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The second end of the piston chamber is vented to at- 
mosphere around a piston chamber sleeve The second 
supply of pressurized gas is utilized to provide a low 
pressure bubble of air on top of the air piston in order to 
assist the return of the piston of the pulling head to a 
retracted position while increasing the speed of the pis- 
ton's return. The speed at which the air piston returns 
to its retracted position is directly related to the speed 
at which the rivet setting tool is reset in order to receive 
and set another rivet. 

[0012] The rivet setting tool of the present invention 
is also provided with a control strategy whereby when a 
trigger is depressed, a controller instructs the remote 
pulling head back in order to set a rivet. The jaws engage 
the rivet mandrel and start the setting process. As hy- 
draulic pressure builds, a high and a low pressure switch 
witness the increase in pressure as setting occurs, and 
set a latch. When the high pressure switch drops low 
again, the controller deduces that the rivet has set. Ac- 
tivation pressure to the remote inlensifter is Ihen 
stopped and return air is started causing the tools pulling 
head to return concurrently. The controller starts a man- 
drel collection window to monitor the collection of the 
mandrel. As the tool jaws open, the mandrel is released 
and a vacuum draws the mandrel past a mandrel sensor 
and into the collection bin As the mandrel passes the 
mandrel sensor, the mandrel collection window is reset. 
The rivet delivery device loads a new rivet into the nose 
piece of a tool as the tool returns full forward Since the 
high setting/loading speed makes it possible to have as 
many as two mandrels in the collection path at once, 
two separate mandrel collection windows are required, 
with the first becoming available for the third rivet as 
soon as the first mandrel passes the mandrel sensor. 
These two timers (windows) are continuously reused 
again and again throughout the process. If a jam were 
to inhibit collection of the mandrels as witnessed by the 
window timing out before the mandrel sensor detects a 
mandrel's passage, the system will shut down. 
[001 3] The pressure switches allow the system of the 
present invention to determine if there is a rivet loaded 
in the nose of the tool since no sensor is provided in the 
nose of the tool. During the setting process, the system 
confirms that a rivet has been loaded by monitoring the 
pressure switches. If the switches detect pressure within 
a short period of time, i.e., within an amount of time for 
the pulling head to travel almost fully back, it knows a 
rivet was presented and proceeds as above. If there 
were no rivet in the nose of the rivet setting tool, when 
the trigger is activated, the switches would see no build- 
up of pressure within the setting window and would not 
start a mandrel collection window, but would rather ini- 
tiate the rivet delivery device reloading sequence. 
[0014] Further areas of applicability of the present in- 
vention will become apparent from the detailed descrip- 
tion provided hereinafter. It should be understood how- 
ever that the detailed description and specific examples, 
while indicating preferred embodiments of the invention, 



are intended for purposes of illustration only, since var- 
ious changes and modifications within the spirit and 
scope of the invention will become apparent to those 
skilled in the art from this detailed description. 
5 [0015] The present invention will become more fully 
understood from the detailed description and the ac- 
companying drawings, wherein: 

Figure 1 is perspective view of an operator using 
10 the portable autofeed riveting system of the present 
invention; 

Figure 2 is a perspective view of the portable auto- 
feed riveting system of the present invention, illus- 
trating the different modular components of the sys- 
is tern according to the principles of the present inven- 
tion; 

Figure 3 is a schematic view of each of the modules 
of autofeed riveting system of the present invention 
and showing the connections therebetween; 
Figure 4 is a perspective view from the righl side of 
the rivet setting tool according to the principles of 
the present invention; 

Figure 5 is a perspective view from the left side of 
the rivet setting tool according to the principles of 
the present invention: 

Figures 6-8 each provide a right side perspective 
view of a rivet setting tool according to the principles 
of the present invention with the rivet delivery de- 
vice in three different operating positions, respec- 
tively; 

Figures 9-11 are left side perspective views illustrat- 
ing the rivet delivery device in three different oper- 
ating positions, respectively; 
Figure 12 is a cross -sectional view of the rivet de- 
livery device according to the principles of the 
present invention; 

Figure 13 is a partial sectional view of the cam 
sleeve of the rivet delivery device according to the 
principles of the present invention; 
Figure 14 is a cross-sectional view taken along line 
14-14 of Figure 12; 

Figure 15 is an end view of the piston of the rivet 
delivery device according to the principles of the 
present invention; 

Figure 16 is a side view of a rivet delivery device 
adjustment tool according to the principles of the 
present invention; 

Figure 1 7 is a perspective view of a feeder bowl and 
escapement mechanism according to the principles 
of the present invention; 

Figure 18 is a perspective view from a different an- 
gle of the feeder bowl and escapement mechanism 
shown in Figure 17; 

Figure 19 is a perspective view o1 the escapement 
mechanism of the present invention with the top 
plate removed; 

Figure 20 is a perspective view of the escapement 
mechanism shown in Figure 19 with the top plate 
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disposed in its assembled position; 
Figure 21 is a top view ol the rivet guide track and 
escapement mechanism according to the principles 
of the present invention: 

Figure 22 is a side view of the escapement mech- s 
anism according to the principles of the present in- 
vention illustrating the thumb screw for securing the 
top plate in its assembled position; 
Figure 23 is a perspective view of the nesting block 
of the escapement mechanism according to the io 
principles of the present invention; 
Figure 24 is a side view of the nesting block shown 
in Figure 23, illustrating the slot which receives the 
head of the driver rod according to the principles of 
the present invention; 15 
Figure 25 is a cross-sectional view of the remote 
intensitier according to the principles of the present 
invention; 

Figure 26 is a perspective view of the portable auto- 
feed riveting system according to the principles ol 20 
the present invention, illustrating the connections of 
the umbilical assembly of the present invention; 
Figure 27 is an illustration of a typical rivet set sig- 
nature with the hydraulic pressure plotted over time 
and illustrating the window during which the detec- 2S 
tion of a mandrel is sensed. 

[0016] With reference to Figures 1 -27, a detailed de- 
scription of the portable autofeed riveting system 10 of 
the present invention will be described The portable 30 
autofeed riveting system 10 includes a rivet setting tool 
1 2 connected via an umbilical 14 to a portable housing 
1 6 which houses a rivet feeder bowl 1 8 preferably of the 
vibratory type. The rivet feeder bowl 18, best shown in 
Figures 1 7 and 18, is automatically fed rivets in bulk by 35 
a rivet hopper 20 which is disposed in a top portion of 
the housing 16 and is covered by a pivotally mounted 
cover 22. Rivets delivered from the bulk supply in the 
vibratory bowl are stacked in an inclined feed track 24, 
which accumulates a supply of rivets for escapement 40 
mechanism 26. The rivet escapement mechanism 26, 
which will be described in greater detail herein, includes 
a reciprocating nesting block 28 (see Figures 17-24) 
which periodically advances a rivet to a rivet delivery 
tube 30. The rivet delivery tube 30 extends through um- *s 
bilical 14 and delivers rivets, via pneumatic pressure, to 
the rivet setting tool 1 2 which will be described in greater 
detail herein. 

[0017] The portable autofeed riveting system 10 also 
includes an electrical panel/module 34 to which are 50 
mounted key electrical components of the riveting sys- 
tem. Electrical control module 34 is connected to an ex- 
ternal power source 35. A pneumatic panel/module 36 
is provided which supports key pneumatic components 
of the riveting system. The pneumatic control module 55 
36 is connected to a main source of pressurized air 37 
such as a compressor. The electrical panel 34 and pneu- 
matic panel 36 are both supported by slots disposed in 



the bottom and top of the housing 16. Electrical panel 
34 includes a plurality of terminals which are engaged 
by electrical connectors which connect to the remaining 
components and modules of the riveting system 10. A 
remote intensifier module 40 is provided in the housing 
16 and provides hydraulic pressure through a hydraulic 
hose 42 which is disposed in the umbilical 1 4 and is con- 
nected to an installation tool including a pulling head 43 
which engages a jaw case 44 for setting a rivet. 
[0018] A barrier 46 is provided in the housing 16 for 
partitioning the housing 16 into two separate enclosed 
portions. The first enclosed portion houses the electrical 
and pneumatic panels 34 ; 36, while the second portion 
houses the rivet feeder bowl 18 escapement mecha- 
nism 26, rivet hopper 20, remote intensifier 40, and man- 
drel collection system 47. The mandrel collection sys- 
tem 47 includes a collection bin 48 and a mandrel return 
tube 49 which is connected to the rivet setting tool 12 
and receives a mandrel which is released by the jaw 
case of the rivet setting tool 1 2. A mandrel sensor 50 is 
provided adjacent to the mandrel return line 49 for sens- 
ing the return of a mandrel into the mandrel collection 
system 47. 

[0019] An operator interface 56 is optionally mounted 
to the housing 16, or if used in special applications such 
as with a workbench, can be pulled away from the hous- 
ing 1 6 with a tether-like electrical cord 58, as best shown 
in phantom in Figure 2. The operator interface 56 can 
be provided with a magnetized backing, a hook and 
loop-type fastener, or other known fastening systems, 
for supporting the operator interface to the housing 16 
or to other surfaces such as a workbench or a cabinet. 
[0020] The rivet setting tool 12 includes a rivet deliv- 
ery device 60 as shown in Figures 3-12. The rivet deliv- 
ery device 60 is mounted within a handheld housing 62 
which includes a handle portion 64 with a trigger switch 
66. A grip strap 68 is mounted to the handle portion 64 
and is adjustable in order to assist an operator in holding 
onto the rivet setting tool 12. The grip strap 66 can be 
mounted on either side of the housing 62 as illustrated 
in Figures 4 and 5. 

[0021] As best shown in Figure 12, the rivet delivery 
device 60 includes a body tube 70 which receives a rod 
72 which supports a delivery arm 74. The rod 72 of rivet 
delivery device 60 is connected to a piston 76 which re- 
ciprocates within body tube 70. The rod 72 has a thread- 
ed end portion 76 which is threadedly attached to an 
internally threaded portion 80 of the piston 76. A piston 
stop member (cam actuator) 32 is provided with internal 
threads which engage threaded portion 78 of rod 72. 
The rod 72 has a main body portion provided with a gen- 
erally round cross-section with dual opposing flats (best 
shown in the cross-section view of Figure 14) and is sl- 
idably received within a corresponding opening 86 
which has a generally round cross section with dual op- 
posing flats in a cam follower 88. Cam follower 88 sup- 
ports a pair of dowel pins 90 on opposite sides thereof 
which engage a cam slot 92 disposed in a radially out- 



7 



EP0 995 518 A2 



8 



wardly disposed concentric cam sleeve 94. Cam sleeve 
94 includes an internal shoulder portion 96 which pro- 
vides a seat portion for a coil spring 98 which is disposed 
between cam follower 88 and shoulder portion 96. 
Spring 98 biases the cam follower 88 in the direction of 
arrow A as shown in Figure 12 so that dowel pins 90 
each engage an end of cam slots 92. 
[0022] The rivet delivery device 60 includes a rear cyl- 
inder cap 100 which is provided with a first fitting 102 
which communicates with a piston chamber 1 04 through 
passage 1 06 for providing pressurized gas to the cham- 
ber 104 and thereby driving piston 76 in the direction of 
arrow B. A second fitting 108 is provided in the cylinder 
cap 100 which communicates via a passage 109 with a 
tube 110 which extends into a central passage 112 in 
rod 72. An O-ring 113 is provided between the tube 110 
and central passage 112. A pair of pneumatic tubes 
l15a : 115b (shown in Figure 3) are connected to first 
and second fittings 102 : 108, respectively, for controlla- 
bly operating the rivet delivery device 60. As pressurized 
aii is delivered through pneumatic tube 115a and first 
fitting 1 02, the piston 76 is driven in the direction of arrow 
B whereby rod 72 extends out of the body tube 70. As 
the piston stop 82 engages cam follower 88, cam fol- 
lower 88 presses against the bias of the spring 98. As 
the dowel pins 90 follow the generally helical profile of 
the cam slots 92, the cam follower 88, and thus the rod 
72 are caused to rotate. 

[0023] With reference to Figures 6 and 9, the rod 72 
and delivery arm 74 of rivet delivery device 60 are in the 
retracted position such as shown in the cross-sectional 
view of Figure 12. In the retracted position, a transfer 
bushing 1 1 4 which is provided in the end of delivery arm 
74 is disposed opposite the receiver bushing 116 of the 
rivet delivery tube 30. A suction pressure is applied 
through pneumatic tube 115b and second fitting 108 
which provides a suction through central passage 112 
in rod 72 which communicates with a passage 118 in 
delivery arm 74 which in turn communicates with a cen- 
tral passage 120 in transfer bushing 114. The suction 
force retains the rivet R after the rivet is transported from 
the escapement mechanism 26 by the rivet delivery tube 
30. At this time, the suction force through second fitting 
108 is maintained while pressurized gas is provided 
through first fitting 102 to cause piston 76 to slide along 
body tube 70 until piston stop 82 engages cam follower 
88. Figures 7 and 10 illustrate the orientation of the rod 
72 and delivery arm 74 just as the piston stop 62 engag- 
es the cam follower 88. At this time, piston stop 82 caus- 
es cam follower 88 to move relative to ct m sleeve 94 
against the biasing force of spring 98 so that the dowel 
pins 90 travel along generally helical cam slots 92 caus- 
ing cam follower 88 and rod 72 to rotate relative to cam 
sleeve 94 , so that rod 72 and delivery arm 74 are ori- 
ented as illustrated in Figures 8 and 11. As the piston 
76 reaches its fullest extended position, the rod 72 is 
fully extended and delivery arm 74 is rotated to be 
aligned with the nose piece 124 of the pulling adapter 



and jaw case mechanism 43/44. A positive pressure is 
then induced through second fitting 108 to blow the rivet 
R across the gap into the nose piece 124 of the instal- 
lation tool 43/44 where it is held in place by vacuum. 
5 [0024] A third fitting 128 is provided in the rivet deliv- 
ery device 60 and is connected to a pneumatic tube 1 30 
(see Figure 3). Third fitting 128 communicates with a 
second end of piston chamber 104 for providing pres- 
surized gas to the second side of the piston 76 to force 

io the piston 76 to its retracted position whereby the deliv- 
ery arm 74 is again aligned with the receiver bushing 
1 1 6 of rivet delivery tube 30 for beginning a reload cycle. 
[0025] The rear cylinder cap 100 is provided with an 
O-ring 1 32 for sealing a first end of piston chamber 1 04. 

75 The cam sleeve 94 is provided with a pair of O-rings 1 34 
which sealingly close off the second end of piston cham- 
ber 104. A front end cap 136 is provided in an open end 
of cam sleeve 94. A TEFLON washer 1 38 and seal/seal 
sleeve assembly 140 are provided around the rod 72 

20 within the open end of cam sleeve 94. Piston 76 is pro- 
vided with a magnetic ring 142 which works in combina- 
tion with an external sensor (not shown) which senses 
the position of piston 76. As the piston 76 returns to the 
retracted position, the external sensor sends a signal to 

25 the controller which then activates the escapement 
mechanism 26 to send another rivet to the tool. 
[0026] The piston 76 is provided with a pair of bores 
146, as shown in Figure 15. The bores 146 are adapted 
to be engaged by a rivet delivery device adjustment tool 

30 1 50 as shown in Figure 1 6. Adjustment tool 1 50 includes 
a cylindrical main body 152 and a handle 154 mounted 
to the main body 152 by a cap screw 156. A pair of dowel 
pins 158 are inset in an end portion of main body 152. 
In order to adjust the angular travel of rod 72, cylinder 

35 cap 100 is removed from body tube 70 and adjustment 
tool 150 is inserted into the body tube 70 so that dowel 
pins 1 58 engage bores 1 46 of piston 76. By rotating pis- 
ton 76 relative to rod 72 via the adjustment tool 1 50, the 
threaded engagement of the piston 76 to the rod 72 

40 causes piston 76 to adjust the distance between piston 
stop 82 and piston 76. The distance between piston stop 
82 and piston 76 determines the angular travel of rod 
72 and delivery arm 74. Thus, the angular orientation of 
the delivery arm 74, in the fully extended position, can 

45 be easily adjusted by simply removing cylinder cap 1 00 
and adjusting the piston 76 using adjustment tool 150. 
[0027] In order to adjust the "throw" or distance of 
travel for the rod 72, the piston slop 82 can be adjusted 
relative to rod 72. In other words, by adjusting the 

50 threaded engagement between piston stop 82 and rod 
72, the distance between piston stop 82 and cam fol- 
lower 88 is adjusted. This determines the "throw" of rod 
72 and delivery arm 74. Accordingly, in order to utilize 
the rivet delivery device 60 of the present invention with 

55 different sized rivets having different length mandrels, 
the "throw" of the rivet delivery device can be easily ad- 
justed by pulling the cam sleeve 94 along with rod 72 : 
delivery arm 74 and piston, 76 out from body tube 70 so 
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that the piston stop 82 can be rotatably adjusted relative 
to the threaded portion 78 of rod 72. The "throw" of the 
rivet delivery device 60 is adjusted when a changeover 
to a different sized rivet is required. Adjustment of the 
angular movement of the rod 72 and delivery arm 74 5 
may be necessary if transfer bushing 1 1 4 of delivery arm 
74 is not properly aligned with the nose piece 124 of the 
installation tool 126 in the fully extended rivet delivery 
position It is anticipated that the rivet delivery device 
could be modified so that the "throw" could be adjusted io 
in the manner that the angular travel is adjusted and the 
angular travel could be adjusted in a similar manner that 
the "throw" is adjusted in the embodiment as discussed 
above. 

[0028] With reference to Figures 17-24, the improved i$ 
escapement mechanism 26 of the present invention will 
now be described. Escapement mechanism 26 includes 
an escapement housing 170 which is mounted at a bot- 
tom portion of track 24. A rivet nesting block 28 is slid- 
ably received in the escapement housing 170 and in- 20 
eludes a recessed portion 172 for receiving and support- 
ing a rivet R. Nesting block 28 is connected to a drive 
rod 174 which is connected to a piston (not shown) 
which is disposed in a pneumatic cylinder 176. Drive rod 
174 includes an end fitting 178 having a head portion 25 
which is received in an elongated slot 180 disposed in 
a side of the nesting block 28 Slot 180 has a T-shaped 
cross section for receiving the head portion of end fitting 
178. Recessed rivet receiving slot 172 has a shoulder 
portion 182, as shown in Figure 23 on which the rivet 30 
flange rests, and a mandrel receiving slot portion 184 
which receives a mandrel therein. The rivet receiving 
slot 172 and mandrel receiving slot 184 are each pro- 
vided with a beveled edge portion 172a, 184a, respec- 
tively The beveled edge portions 172a, 184a provide a 35 
camming surface to roll the second rivet in line out of 
the way and push it back up the track 24 as the nesting 
block 28 moves to a delivery position, thus preventing 
a jam in the escapement mechanism 26. The nesting 
block 28 is removable from the escapement housing 40 
170 as shown in Figure 19 simply by lifting upward on 
the nesting block 28 so that the end fitting 178 of drive 
rod 174 is slid free of slot 180. During a changeover, in 
order to utilize the escapement mechanism 26 of the 
present invention with different sized rivets, nesting 
blocks 28 having different sized rivet receiving slots 172 
can be quickly and easily changed and connected to the 
end fitting 178 of drive rod 174. 

[0029] Nesting block 28 is secured within escapement 
housing 1 70 by placing a top plate 1 90 over escapement so 
housing 1 70. Top plate 1 90 includes a pair of holes 1 92 
which receive locating pins 194 which extend upward 
from escapement housing 170. Locating pins 194 hold 
top plate 190 in place as a thumb screw assembly 196 
secures the top plate 190 to the escapement housing ss 
170. Thumb screw assembly 196 includes a swing bolt 
197 pivotally mounted to the escapement housing 170 
by a pivot pin 198. Swing bolt 197 is received within a 



slot 200 disposed in a side of the top plate 190 and the 
thumb nut 202 is tightened downwardly onto the top sur- 
face of top plate 190. 

[0030] A clamp ring 204 is provided on the top plate 
190 and surrounds an escapement guide tube 206. The 
rivet delivery tube 30 is attached to the escapement 
guide tube 206 and held in place with clamp ring 204. A 
source of pressurized air in the form of pneumatic tube 
208 is provided in the bottom of escapement housing 
170 which forces a rivet R which is in the rivet receiving 
slot 1 72 through rivet delivery tube 30. The nesting block 
28 is movable from a first loading position, wherein a 
rivet is received from track 24 and supported in the rivet 
receiving slot 172 of nesting block 26. Cylinder 176 is 
then pressurized via pneumatic tube 210 (see Figure 3) 
to force the drive rod 174 to move the nesting block 28 
to a second, rivet delivery position, wherein the rivet re- 
ceiving slot 172 communicates with the pneumatic tube 
208 and the escapement guide tube 26 disposed on top 
plate 1 90 so thai rivet R is delivered through rivet deliv- 
ery tube 30. Another source of pressurized gas commu- 
nicates with cylinder 176 via pneumatic tube 211 (see 
Figure 3) for returning the drive rod 174 and nesting 
block 29 to the hose or loading position. 
[0031] During a changeover to a different sized rivet, 
or during cleaning or maintenance, the top plate 1 90 can 
be easily removed from escapement housing 170 by 
loosening thumb nut 202 and pivoting the swing bolt 1 97 
away from the top plate 1 90 so the top plate 1 90 can be 
picked up off of escapement housing 170. At this time, 
nesting block 26 can be removed by simply lifting up- 
ward on the nesting block 28 to disengage the nesting 
block 28 from the end fitting 1 78 of drive rod 1 74 as fitting 
1 78 slides out of slot 1 80. The rapid changeover, clean- 
ing and maintenance capabilities which are provided by 
the improved escapement mechanism 26 enhances the 
efficiency of the riveting system of the present invention. 
[0032] With reference to Figure 3. the rivet setting tool 
1 2 includes a pulling head 43 which includes a hydraulic 
piston 43a within a machined aluminum housing 43b. 
The piston is connected to jaw case 44 via a coupling 
so that during activation, i.e., hydraulic pressure sup- 
plied by a hydraulic hose 21 2 on the face of the hydraulic 
piston 43a, the jaws 44 ramp off a nose piece, and en- 
gage the rivet mandrel. Continued travel provides 
enough force and stroke to effectively set the average 
rivet. The pulling head 43 employs air pressure via 
pneumatic tube 21 4 on the opposite side of the hydraulic 
piston 43a to return the piston 43a to its full forward po- 
sition once hydraulic pressure is removed. 
[0033] The hydraulic supply hose 21 2 is connected to 
the remote intensifier 40. As shown in Figure 25, the re- 
mote intensifier 40 includes an intensifier chamber 220 
which is provided with an intensifier chamber sleeve 
222. An air piston 224 is slidably received in the inten- 
sifier chamber 220 and is provided with a seal 226 which 
engages intensifier chamber sleeve 222. A rod 228 is 
attached to air piston 224 and extends into a sealed cy- 
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lindrical opening in a ram housing 230 which is filled with 
hydraulic oil 232. A seal 233 is provided between the 
rod 228 and the housing 230. A source of pressurized 
air in the form of pneumatic tube 234 is connected to a 
valve 236 which is connected to a quick dump exhaust 
valve 238 which communicates with a first end of inten- 
sifier chamber 220. A second supply of pressurized air 
in the form of pneumatic tube 240 is provided in com- 
munication with a second end 242 of intensifier chamber 
220. A quick dump exhaust valve 244 is provided in 
communication with the second end 242 of intensifier 
chamber 220. The ram housing 230 is connected to the 
hydraulic hose 21 2 by a plurality of fittings. 
[0034] A high pressure hydraulic pressure switch 250 
and a low pressure hydraulic pressure switch 252 are 
provided in communication with the hydraulic fluid pas- 
sage 21 2. Air pressure applied to the air piston 224 forc- 
es the rod 228 to displace a column of hydraulic oil 232 
with a smaller cross-sectional area The volume of air 
acling on the area of the piston forces the piston 224 
and rod 228 upward. The differential in area between 
the air piston 224 and the top of the rod 228 allows the 
generation of a high hydraulic pressure from a low air 
pressure. 

[0035] As the air piston 224 moves upward, exhaust 
dump valve 244 opens to vent air building up on top of 
the piston 224. The high pressure column of oil 232 
flows through the hydraulic hose 212, and forces the hy- 
draulic piston 43a of pulling head 43 back, thus setting 
the rivet. 

[0036] Upon mandrel break, as detected by hydraulic 
switches 250 and 252 as described herein, the controller 
34 stops activating the valve 236, and starts activating 
a remote valve (not shown) supplying a regulated supply 
of air through quick dump exhaust valve 244 and on top 
of air piston 224. The combination of the air behind the 
piston 43a of the pulling head 43 disposed within the 
rivet setting tool 12, and the air bubble on top of the air 
piston 224 quickly returns the pulling head 43 and jaw 
case 44 to the retracted position. Return air on top of 
the air piston 224 cannot build up in pressure since the 
top or second end 242 of the chamber 220 is vented out 
around the intensifier chamber sleeve 222 and out to 
atmosphere. The sleeve 227 is provided with a plurality 
of recess portions 222a at an upper edge thereof form- 
ing vent passages. The chamber 220 is provided with a 
plurality of vent holes 220a in a lower portion thereof. 
The differential in the air flow entering the lop of the 
chamber 220, versus its ability to leak out past the 
sleeve 222 is what assists the air piston 224 in returning. 
Without venting the air in the upper portion of intensifier 
chamber 220, it would be possible to supply too much 
pressure to the top of the air piston 224 which could draw 
the rod 228 out too fast, and force the introduction of air 
into the hydraulic passage past the seal 233. The vent- 
ing of the top portion 242 of the intensifier chamber 220 
to atmosphere limits that possibility by limiting pressure 
build up Air supply to the top of the air piston 224 is 



controlled by the riveting system controller 34 and shuts 
off after approximately one second. 
[0037] In order to achieve a rapid loading and setting 
cycle, the remote intensifier design of the present inven- 

5 tion provides a low pressure bubble of air on top of the 
intensifier piston 224 to assist the return of the entire 
system, and cut the return speed of the pulling head 43 
of the installation tool 126. By utilizing the intensifier 40 
of the present invention, the return speed has been cut 

to approximately in half in comparison to simply utilizing 
air pressure on the back of the piston of the pulling head 
43 forcing the oil in front of the piston of the pulling head 
43 back through the hose 212 and pressing air piston 
224 back to its beginning position. 

is [0038] The rivet setting and mandrel collecting se- 
quence of events is described with reference to Figure 
3. When trigger 66 is depressed, the controller 34 acti- 
vates the remote intensifier 40 to supply hydraulic fluid 
to the pulling head 43 to drive the pulling head 43 back. 

20 At the lime the trigger 66 is depressed, the controller 34 
starts a "rivet setting" window or time period. The jaw 
case 44 then engages the rivet mandrel and starts the 
setting process. As hydraulic pressure builds, the high 
and low pressure switches 250, 252, respectively, wit- 

25 ness the increase in pressure as setting occurs, and set 
a latch. When the high pressure switch 250 drops low 
again, the controller deduces that the rivet has been set. 
[0039] Figure 27 shows a typical rivet set signature 
wherein at time to activation of the trigger 66 begins a 

30 rivet setting sequence and a rivet setting window is start- 
ed. At time t 1( the mandrel is engaged by the jaws 44 
and the hydraulic pressure begins to build low pressure. 
Low pressure switch 252 senses the hydraulic pressure 
rising above the low pressure limit P L at time t 2 while the 

35 high pressure sensor 250 senses the hydraulic pressure 
climbing above the high pressure limit P H al time t 3 . At 
time t 4 , the mandrel breaks and the hydraulic pressure 
rapidly drops and at time t 5 , the pressure drops below 
the high pressure limit P H and is sensed by the high 

40 pressure switch 250 and the controller 34 deduces that 
the rivet has set. At this time, activation pressure to the 
remote intensifier 40 stops and return air is started, 
causing the tools pulling head 43 to return concurrently. 
The controller 34 starts a mandrel collection window to 

45 monitor the collection of the mandrel M. The time inter- 
val can be set, for example, at twenty-fifty percent longer 
than the nominal time for the mandrel to be fully released 
and collected (for example approximately three seconds 
for a typical mandrel collection time of two seconds). 

50 The tool jaws 44 open as the pulling head 43 returns 
and the mandrel M is released and a vacuum pressure 
draws the mandrel past the mandrel sensor 50 and into 
the collection bin 44. As the mandrel passes the mandrel 
sensor 50, the mandrel collection window is reset. The 

55 rivet delivery device 60 loads a new rivet into the nose 
piece 124 of the tool as the tool returns full forward. 
Since the high setting/loading speed makes it possible 
to have as many as two mandrels in the collection path 
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at once, two (or sometimes more) separate mandrel col- 
lection windows are required. With two mandrel collec- 
tion windows, the first mandrel collection window be- 
comes available for a third rivet as soon as the first man- 
drel passes the mandrel sensor 50. These two timers 
(or windows) are continuously reused again and again 
throughout the process. If a jam were to inhibit collection 
of the mandrels, this would be witnessed by the mandrel 
collection window timing out before the mandrel sensor 
50 detects a mandrel's passage. With two mandrel col- 
lection windows, there could be as many as two man- 
drels in the path, but no more since this fault inhibits all 
setting functions until cleared and reset. 
[0040] The rivet setting tool 1 2 uses no sensor to de- 
termine if there is a rivet loaded in the tool. The control 
system assumes the rivet device achieves loading on 
every attempt. It is during the setting process that this 
is proven true, or nol by monitoring the pressure switch- 
es 250, 252. If the switches 250, 252 detect pressure 
within the riveting setting window, i.e., within an amount 
of time for the pulling head 43 to travel almost fully back 
(for example 40 ms), it knows a rivet was present and 
proceeds as above. If there were no rivet in the nose 
piece 124 when the trigger 66 is activated, the switches 
250, 252 would see no build-up of pressure within the 
rivet setting window and would not start a mandrel col- 
lection window, but would rather initiate the rivet delivery 
device 60 reloading sequence. As compared with prior 
automated rivet setting systems which utilize a mandrel 
collection system, the control sequence of the present 
invention improves the speed of operation of the rivet 
setting system. With previous systems, the rivet setting 
tool was nol allowed to reload until the previously spent 
mandrel is received past the mandrel sensor. However, 
with the present invention, it is possible to set a first rivet 
and to subsequently set a second rivet prior to the man- 
drel reaching the mandrel sensor associated with the 
mandrel collection system. Thus : the operator does not 
have to wait for the mandrel to be sensed before apply- 
ing a second rivet. 

[0041] Furthermore, with the control system of the 
present invention, once a mandrel break is detected the 
supply of hydraulic pressure to the pulling head can be 
halted so that the pulling head can be immediately re- 
turned to its starting position, ready to begin another riv- 
et setting sequence. Thus, the speed ot operation of the 
rivet setting tool of the present invention is increased 
since Ihe syslem does not have to wait any longer than 
necessary to reset itself after mandrel break is detected. 
[0042] The invention being thus described, it will be 
obvious that the same may be varied in many ways. 
Such variations are not to be regarded as a departure 
from the spirit and scope of the invention, and all such 
modifications as would be obvious to one skilled in the 
art are intended to be included within the scope of the 
following claims. 



Claims 

1. A rivet setting tool, comprising: 

5 a pulling head including a hydraulic piston dis- 

posed within a housing, said piston being con- 
nected to a jaw case such that said jaw case 
engages a rivet mandrel upon activation of said 
pulling head, whereby continued travel of said 

to hydraulic piston supplies force to effectively set 

the rivet; and 

a hydraulic pressure source connected to said 
housing by a hydraulic passage; 
a hydraulic pressure detection mechanism for 
15 detecting a pressure in said hydraulic passage; 

and 

a controller for controlling said hydraulic pres- 
sure source in response to said hydraulic pres- 
sure detection mechanism, wherein said hy- 

20 draulic pressure detection mechanism pro- 

vides a signal to said controller indicative of a 
hydraulic pressure exceeding a predetermined 
pressure level and provides a signal to the con- 
troller indicative of a pressure drop in said hy- 

2$ draulic passage below a orcdctcrmincd level 

indicative of a mandrel break, whereby said 
controller provides a signal to stop said hydrau- 
lic pressure source from providing hydraulic 
pressure to said pulling head 

30 

2. The rivet setting tool according to Claim 1 , wherein 
upon detection of a mandrel break, said controller 
sets a time window, whereby if a mandrel passage 
signal is not received from a mandrel detection sen- 

35 sor before an expiration of said time window, said 
controller shuts off said rivet setting tool. 

3. The rivet setting tool according to Claim 2, wherein 
said controller allows a second rivet to be loaded 

to and set prior to detection of a previous mandrel 
passing by said mandrel detection sensor. 

4. The rivet setting tool according to Claim 1 , wherein 
said hydraulic pressure detection mechanism in- 

45 eludes a pressure switch which provides a signal to 
the controller when the hydraulic pressure exceeds 
a predetermined pressure level and provides a sec- 
ond signal to the controller when the hydraulic pres- 
sure drops below a predetermined level, whereby 

so said controller deduces that the rivet has been set. 

5. The rivet setting tool according to Claim 1 , wherein 
said hydraulic pressure detection mechanism in- 
cludes a pressure sensor which provides a hydrau- 

55 lie pressure signal to the controller whereby said 
controller monitors the hydraulic pressure and 
when the pressure reaches a first predetermined 
level and subsequently drops below a second pre- 
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determined level, said controller stops the delivery 
of hydraulic pressure 1o said pulling head. 

A rivet setting tool, comprising: 

5 

a pulling head including a hydraulic piston dis- 
posed within a housing, said piston being con- 
nected to a jaw case such that said jaw case 
engages a rivet mandrel upon activation of said 
pulling head, whereby continued travel of said 10 
hydraulic piston supplies force to effectively set 
the rivet; and 

a mandrel brake detection system; and 
a controller for controlling activation of said pull- 
ing head, wherein upon detection of a mandrel is 
break, said controller sets a time window, 
whereby if a mandrel passage signal is not re- 
ceived before an expiration of said time win- 
dow, said controller shuts off said rivet setting 
tool. 20 

A method of controlling a rivet setting cycle of an 
autofeed rivet setting system including a pulling 
head with a jaw case connected to the pulling head 
and a hydraulic pressure source connected to the 25 
pulling head by a hydraulic passage, said method 
comprising the steps of: 

detecting a pressure of said hydraulic passage 
during a rivet setting sequence: and 30 
interrupting said hydraulic pressure source up- 
on detecting said pressure exceeding a first 
predetermined level and subsequently falling 
below a second predetermined level. 

35 

The method according to Claim 7, further compris- 
ing the step of setting a time window upon detecting 
said hydraulic pressure falling below said second 
predetermined level; and 

detecting a mandrel being returned to a man- *o 
drel collection system and if said time window ex- 
pires prior to detection of a mandrel being returned, 
stopping said rivet setting cycle. 



A rivet setting tool, comprising: 



45 



a pulling head including a hydraulic piston dis- 
posed within a housing, said piston being con- 
nected to a jaw case such that said jaw case 
engages a rivet mandrel upon activation of said so 
pulling head, whereby continued travel of said 
hydraulic piston supplies force to effectively set 
the rivet: 

a rivet delivery device for supplying rivets to 
said jaw case; 55 
a hydraulic pressure source connected to said 
pulling head by a hydraulic passage; 
a pressure detection mechanism for detecting 



a pressure in said hydraulic passage; and 
a controller for controlling said hydraulic pres- 
sure source in response to said pressure de- 
tection mechanism, wherein upon activation of 
said hydraulic pressure source said controller 
sets a timed window, whereby if a pressure lev- 
el does not rise above a predetermined level 
before said timed window, said controller de- 
duces that a rivet has not been properly re- 
ceived by said jaw case and activates said rivet 
delivery mechanism to deliver a rivet to said jaw 
case. 

10. A method of controlling a rivet setting cycle of an 
autofeed rivet setting system including a pulling 
head with a jaw case connected to the pulling head 
and a hydraulic pressure source connected to the 
pulling head by a hydraulic passage, said method 
comprising the steps of: 

detecting a pressure of said hydraulic passage 
during a rivet setting sequence; setting a time 
window upon detecting said pressure exceed- 
ing a first predetermined level and subsequent- 
ly falling below a second predetermined level 
indicative of a mandrel break; and 
providing a fault signal if a mandrel does not 
pass a mandrel sensor before said time window 
expires 

11. A method of controlling a rivet setting cycle of an 
autofeed rivet setting system including a pulling 
head with a jaw case connected to the pulling head, 
a hydraulic pressure source connected to the pull- 
ing head by a hydraulic passage and a rivet delivery 
device for automatically supplying rivets to said jaw 
case, said method comprising the steps of: 

detecting a pressure of said hydraulic passage 
during a rivet setting sequence; and 
interrupting said hydraulic pressure source if 
said pressure does not exceed a predeter- 
mined level within a predetermined period of 
time after a beginning of said rivet setting se- 
quence and providing a signal to activate said 
rivet delivery device to deliver another rivet to 
said jaw case. 
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(54) Rivet setting tool cycle control 

(57) A rivet setting tool ( 1 2) is provided with a cycle 
control whereby a pressure switch (250.252) or pres- 
sure transducer enables the electronic logic controller 
(34) to monitor tool hydraulic pressure. When the pres- 
sure reaches a predetermined threshold and subse- 
quently drops below a second threshold valve the con- 
troller deduces that a rivet has been set and removes 
pressure from the tool (12) so that the tool (12) can be 
immediately reset, thus reducing the tools cycle time. 
Upon determining that a rivet (R) has been set, a man- 



drel collection window is set. The controller (34) moni- 
tors whether a mandrel (M) is returned to the mandrel 
collection system (47) prior to the expiration of the timed 
window, and if not, the controller (34) provides a fault 
signal to the operator. Multiple windows are utilized so 
that more than one mandrel (M) can be in the return tube 
(49) at one time without delaying operation of rivet set- 
ting system (10). The pressure sensors (250,252) can 
also be utilized to confirm that a rivet (R) has been load- 
ed into the rivet setting tool (12) without the use of a rivet 
sensor. 
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